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L’3W-ENERGY PION DOUBLE CHARGE EXCHANGE

AND NUCLEON-NUCLEON CORRELATIONS IN NUCLEI

MICHAEL J. LEITCH

h AIumx Nstiond Ldmr*tory

ABSTRACT

Fkerit measuramenta of pion double-charge exch~ge (DCX) ●t energieo
20 to 70 MoV uo providing ● new me- for studying nucleon-nucleon
correlations in nucl.i. At tke energia the nucletu is relative] y truw
pUOnt, dlti~ si.mplar thcoroticd Cnod.ls to k ~ in i.ntirpreting
the data and leading to ● clearer picture. Ah tho contribution to DCX
of quontial chargo-uchmgs aattuiig through th~ intamnaikte u-
log S*M u sup- near 5(I MoV sad truuitiona through non-ualog
inturndti stata kane very hnport.ant.Ruent thometiml ct udia
by WVcral group haw down thst while truuitiotu through th. emlog
routi involva rdstivoly long nucleon-nuckm distucu, thrn through
non-unlog ia~ate a~ata obtm.n nouly hd.f thou strength from
nucleon pain with IW thma 1 fermi npuation. Thus DCX neu 50
MoV is u ●xcdlont w~y to study short-rugc nuckn-nuckm currela-
tionm,

1, WHY LOW ENERGY DCX7

Nuclei u. relstivdy trmqwont to hm-energy (20 to 80 MaV) piona and thus these

piotu ponotrste nuclai much more tlmn chae with ●mrgia nomer tho A~J remnuce

(T. = 164 M. V), This c- lM soon m Fig. 1 whom 1 show data from the Tel Aviv groupi)

f5r vuious componm~ of tn. tatd x - “ C crom cation v.reua .norgy. If w concentrate

on tho tatal d ibo akmrptian cm outions wa no thst they both (AIIrapidly with d-

croting onqy below tho rnnoaa. This trmpuancy n~w 60 MoV th.n sllcma mmpler

thmmticsl Inixkls (0. g., plma wsm) to be spplicsbls snd helpe to form s clearer picture

for pion r.utiorn in thie ●nor~ r~go

Of coureo this rolstim tr~pamncy alm will ●xi.st WCIIabove the remnwce, howev~r,

uothor very Important foatum of low-energy pIOIM glvti them ● unique ulvwtage Thin

feature cm bo -n in Fig. 2 which thuwa the sor.>degren plon sirigl~chuge-exchange

(SCX) crou sxtionn fot the proton (x ‘p A *on) s.nd for the imbulc-~mlog st~te (l AS)

Lruleltlon on vuiou.s nuck (m+ A + x A’). The shuprrunlmum for ‘ H IS (tue to a

Ca-n:ellstlon of the > ud pwavc unplitud~, What IS eomowhat surprising 10 that this
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Fig. 1. Decomposition of the total x+.
carbon croa wction. The Iinee are drmwn
to guide tho ●ye. (Ref. l.)

minimum pemiote for the IAS transition

on nuclei up to l’OSn. ThiE both reaf-

firma the idea stated above that the nu-

clear medium effecte on low-energy pion

reactionn are relatively weak and contri-

bute an importunt feature to pion double

charge exchange reactions to the double-

ieobaric analog date (DLAS) near 50 iMeV.

Some other upecta of thin interference mini-

mum are shown in Figs. 3-5. In Fig. 3 we

eee the angular distributions for SCX to

the LA9 on 1s N over a broad range in en-

ergy. At 32 MeV the angular Jietribution

is fairly flat but at 46 MeV we eee the in-

terference minimum which at 55 MeV hm

then move to an engle near 30”. Then

●t higher energiq nearer the Delta rae-

onance, the ugular distributions become

ddhctive. Ln Fig. 4 we w bow the

forwarchngle minimum behavee with nuclear m= at s 6xed tinergy. For the heavier

nuclei it u Ieaa sharp. However this may be partially due to th~ fact that the energy at

which the minimum u deeput chaaga with mu, u ohown in Fig. 2. Finally, w ehown

in Fig. 5, ●wn the angkintegmted LAS croa xtion chow ● minimum near 50 MeV. We

em that although at higher ●norgia DCX via two fomard-angle ecattorings through an

analog intermuliate state (analog route) u allowed it u inhibikl strongly near 50 MeV

Thus tho analog route neu 50 MeV u suppr~ because it must go through Iarg-mgle

ecatteringe and u miuing the mtrength normally contributed by fOIWUd. Mgld scattering.

Th.n DCX routs through non-analofl (NA) intermediate etstea become dominant and,

m I will show bel-, th~ are much more integrating, The two typee of routee, mnalog

and NA, ue achematicmlly shown in Fig. 6.

Finally, we corn. to the unique propertim of DC]:, Since in a DCX reaction the plon

must interact with two nuc!eone in the nucleue it is inhorencly eenmtive to the c,ortelations
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Fig. 2. Za-degrea SCX excitation functioru
for i H to laOSrI (horn Ref. 2) showing the
Pemistance of the mrctdegrm minimum for
SCX on nuclei. The Iinm ue parabolic fits
to the data,
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Fig. 3. Angular dietributione for the
16N X+ r0)*60(fAS) rextion over ●(
brood r&e in energy, From Rafn. 2-
5.

of th- nuclmna, As we will ma below, come of theee correlations can ha produced mimply

by the shell-model structure of theirorbite, However, other more exotic “correlations”

CM corn. into the picture from maelmnisms such u the depictd in Fig. 7. Mechanisms

Ouch u tbe am intrinsically very interoeting md b.gin to boar on th~ queetion of the

interfaco b.twwn quuk wd hadron degrea of fmeclom in tho d-ription of nuclei.

A final point ●bout tho relationship of SCX ud DCX ehould be made, Any inter-

pretation o, calculation of DCX should also look St elaetic scattering and SCX in s unified

picture, A good illustration of thie is provided by coma old PIESJ)EX.e) calculations as

shown in Fig. 8. Here we show two typee of calculations with eech done for botb SCX and

12CX. The drmnmtic fe~ture io thst although the two SCX calculations do not differ by

a large srnount the corraponding DCX calculation (analog-route only) ciitler by ne~rly
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for th~ reaction 18C(s+, x0)13 N(1AS) re

IAS ~ action m 4 function of energy cbtai.d

50 MeV : using activation technique (Ref. 8).
D

d
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030mm Qogom anorder of magnitude. Thus it is clear

e- (deg} thmt SCX must be correctly d-ribed

Fig. 4. ~gular diatnbutions for before ● eerious interpretation of DCX

SCX to tho LAS on wveral nuclei ●t can be stternpted.
50 MoV. TIM dsta are from Refs. 3
snd &7.

11.UNEXPECTEDLY LARGE CROSS SECTIONS: *4C AT 50 MeV

The het DCX exporimente in the Iow-ancrgy region were done St !)0 MeV on l’C

at the TPIUMF/TPC1oJ and ehortly after with the Little Yellow Spectrometer (LYS)

●t LA MPF 1*1, Ths energy rcdution of the TPC experiment is just buely adequate to

r=olve the DLAS whi.k thst for the LAMPF experiment is * 2* MeV. In Fig, 9 we see

thst ths LAMPF data hU much omaller uncertuntiee and extendm all the wmy down to 20°

ncatterin~ angl~, Tho importance of ~mdi scattering mgla is -tread by the theoretical

calculations of Milleria) which involve DCX directly on pm-existing Gquuk clusters. Thla

epeculation, which preceded the LAMP? memurementn, cad considerable excitement at,

the time, however, since then more conventional modeln have a!eo b-n able to describe the

mrong forward peaking in the angulu distribution. AJ represent by the curve labeled

“sequential optical model” simple calculstiom Icvolv)ng only the analog route produce

~mall, flat crti aactions. A-hole calculation- of Karapiperia and Kobayaehiis) are ohwn
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Fig. 6. Illustration of the two typee of sequential mattering involved in DIM trauaitions.

Short Rang. DC X Mochamsms

w“ \\
\‘“L.- P ‘k=f :“’”.;v. Q
1~1 I Tr*

6- quark bag a-lnt~ractlon Meson OECMW

\
\w -

currm?

(0) (b) (c)

Fig. 7. Jlluetration of short-range DCX mechwiame.

in Fig. 10. The mntid feature of thw calculations u tha inclusion of non-analog

intormudiste et-t-, particularly the 2+. Without thh 2+ intermediate state the croe.e

eection is smd aad flat. The multiple Mattering calculation of Gibbe, Kaufmann, and

Siega1141 are shown in Fig. 11 and & include via closure the NA intermediate smLee.

A wry inter-ti.ng feature of the calculations ti that they are able to ch~ecterize the

tw~nucleon mngo ad intermediate scattering angle of the proceeo, M shown in Fig 12

As diecuseod before, the procem tends to involve two near 80° ecattwin~s and abo involves

rmgee leas thm 1 fm *bout 50% of the time. At thti point one has to mak, with mch ~hort

dietuces involved, is it still valid to think of the procen in term of nucleons? Thus

although the modal involving quark degr- of frdom cmnot be proved to he involved

such effmtn may be hidden underneath a convention.ul ●pproach.
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from Refe. 6, 10, and 11.

Fig, 10. Cdculationa of
Karapiperio and Kobayashi
from Ref. 13.
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Fig. 11. DCX calculation of AGGK

(Rd. 14) using various wmre functions.

~.-*

Fig. 12. At 50 MeV about half of the
contributions to IM F(0) come from
short distant- ( < lfm), and undergo
two nearly 90° ecatteringe. (Ref. 6.)

Another approach hu been ueed by Bleazynski and Glauber. 161 They have done

phma-wave calculation with analog and NA intermedi~te data and with spin-flip in

the clcmm ●pproximation. AS ohown in Fig. 13 with Cohen- Kurath wave functions the

agreement with the data is quite good. Also shown are curvea for pure spin-singlet (‘ S0)

and pure epin-triplet (8P,,) stata which have quite diEerent angular distributions. AS

deuribed in Ref. 13, this ariea from the different correlation properties implicit in theee

two configuration. The s Pe wavefunction vanish- for 71 and 72 parallel or anti parallel

while the *SO ia lug-t for th~ caaes. Thue the lSO d~n’t inhibit F1 a ia for the two

nuchone and will have more contnbutionm from ehorter-range N-N paire. The angulu

distribution goa M the form factor of the centroid of the pair ~ = #(71 + Fa) which for

a pair that has short range ie R - ?1 - Fa. Thus for a ‘S. pair the centroid will extend

to large radii cmraponding to a nharply peaked form factor and producing a forward-

peaked crw eection, Their cdculationa also show (Fig. 14), ea was diacusaed above, that

NA intermediate atatm ~e ~ntial to produce a forward-peaked crew eection and also

that including spin-flip reducee the forward-angle croae =tirm by a aubatantial amount

(-30%).

Follwing t~ I meaauremento on *4C additional 50 MeV angular diatrlbutlons were

rnewumd by th~ UUMF group on the QQD magnetic spectrometer for 100 and ‘e Mg



(Refs. 16,17). AS shown in Fig, 15 thae croue sections are essentially identicd in size and

14C Thus the large forward-peaking fe&ture is not nucleus specific andshape to thoee for .

hM no appreciable reduction with A for theee T= 1 nuclei.

Fig. 19. Calcuhtiona of Bleazynski and
Glauber (Ref. 15) using variou cor@u-

14C valenw neutronsrationa of the two
(ea labeled).

Fig. 14. Calculation of Bleazyn-
ski and Glauber (Raf. 15) mhowing
the importance of NA intermediate
statea (top) and of spin-flip (bot-
tom).

Ca I
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Fig. 15. A.IIgular dintributionm ●t 50
MeV for 14C, lsO, and aeMg showing
the nearly identical angular distributiona
(ilefsl 11,16,17).
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111. CLAMSHELL SPECTROMETER

For the experiments which followed (in 1986) a new magnetic spectrometer at LAMPF,

the Clamehel] sp~trometer, hm been ~. Thti spectrometer, shown in Fig. 16, is a short

(--2 meter average path length) magnetic spectrometer intended for low energy pions. Par-

ticle identification iE obtained from ths range of particles in the rear scintillators (S2-S7)

and from t!ie tti~of-flight through the syetem (between S1 and S2 ).

In our moat recent ru.na the Clamahell has been upgraded to include a forward-angle

system which alknve meaauremente of DC:J at scattering anglee an small M 10°. This is

important, particularly at energiee of 50 MeV and above, to give iarger counting rates

where the cross aectionn become increasingly fomard peaked. Since typical meaeurementu

at one energy and angle take one to two days this symem can make huge improvements

in running timee. The forward-angle eetup ia shown schematically in Fig. 17; it is similar

to those uned with other LAMPF apectrometere. A small eweep magnet justdownstream

of the experimental target benda the “tcident x+ beam to the right while bending the r-

from DCX the opposite way into the electrometer. For 0“ scattering angle a separation

LH!EK&l

‘wc””A’d=

Fig. 17. Schematic of the forward-angle
setup of the Clamshell.

Fig. 16. Schematic dia~un of the Clamshell
spectrometer oystetn ud for DCX meuura-
rnenta by our group at L.AMPF.



of approximately 20° (depend-

ing on reaction Q-value) b+

I A Iqas r tween the x+ and x- result~

F\g. 18. A comparison of Clamshell timeof.flight spe:-
tra obtained with (top) and without (bottom) the foward-
angle system under otherwise similar conditions. The
large peak on the left of the top sp~trum can be ig-

nored. It is due to electron background and can eesily be

removed using pulse height cuts which have already been
applied for the lower spatrum.

With thh system singles rates

in the front acintillator (which

usually limit the rate of beam

on target) are ahost an or-

der of magnitude lower at a

scattering angle of 15° now

than they were before at 20”.

A comparison of the t imeof-

fight spectra obtained for sim-

ilar conditiom with and with-

out the fomvard angle system

is shown in Fig. 18.

An even more significant

advance is expected by 1990.

This involves adding a super-

conducting RF cavity called

the “acruncher” to the Low

Energy Pion beam line which

will compress the momentllm

spread of the incident beam

allowing us to run with the

full pion flux of the channel yet still obtain good resolution. We expect this will give

approximately a factor of thr~ higher counting rate and will also allow us to obtain 1

MeV (fwhm) resolution for all but the very low-energy meaat~rements (Tx < 25 MeV)

where target thickneea effect~ dominate.

IV. 19-80 MEV 14C

‘*C m+ T-) Me shown inSome of the spe@ra obtained at energies 19 to 80 MeV for ( ,

Fig. 19, One remarkable feature is the 1apid rise with energy in the non-analog strength at

E= z .’5MeV. The angular distributions for the DIAS transition are shown in Fig, 20 The

shapes are flatter at low energy aua steeper at higher energies, aa one might expect. The



dramatic energy dependence of thin 14C data along with sitilm data for i .’ from fief. 19

are shown in Fig. 21. Both the 14C DIM and the 12C non-~~og ground state tmnsitions

dieplay simi!ar behavior euggentmg that the same mechanisms maY be involved. It is also

important to note that the l*C data actually peaks near so MeV f~ing off rapidly on

either side. Similar dat~ for the 100 DJAS t~en later by the TRrMF group l*’171 have

the aarne feature.

4

01

0.0

Fig. 19. Ifc(m+,m–) ~pwtra for vuiou~

energies. The arrows for 19 and 29.1 MeV
show the acceptance cutofl (Ref. 18).



One of che problems which laM ourfaced in the thexetical interpretation of these

data in the uncertainty of the pion absorption input ueed in DCX calculations. In Fig. 22

are shown calcu.lationa of G ibbe a~d Kaufmanrt based upon two contradictory sets of

absorption data (= IWe. 1 and 23). It ia clear that this dkrepancy needs to be reeolved,

perhape with new absorption data, in order to obtain a clear picture for DCX.
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Fig. 20. Angulaz diatributiom versus
14C(X+, X-) ’40 (DIAS) r-emrgy for the

I I I ,
1

~ “qn+,7r-y40(mAs) J

\ , I , 1 , i J

o 100 200 300

Tm O@
pig. al. Tha •llU~ dqxmiencaa Of the

0/5° croea aectiona of DCX for ths 14C
DIAS and *2C g.ao Cr-itiom ar~ ver~
cimilu. Data u horn Refm. 11, 18, 20, 21
(’4C) and Ref. 19, (12C),

!
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Fig. 22, Calculation.a of “C(*+, n )’40

(D~AS) by ACCK {Ref. 22) for two differ

1
ing the data of Nakai et d. (R~f. 23) and
d~hd cwc with tho T.1 Aviv data (Ref
~). Ths DCX dsta u from Rnf. 18.
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V. IS*OTOPIC COMP~ONS IN THE /7/2 SHELL

After the rnouuromanta on light T = 1 nuckei our group begu h lmk ●t the calcium

isotopm. I.nitid ●ttampta to meaauro 4*Ca at 50 MeV were uruucc~ful because the 131AS

Ii- ●t u excitation of 17.1 MeV Atit G very strong continuum (Fig. 2s). However at 35

MeV, where the continuum strength u dramatic~]y Laducad the ~~tr~ shown in Fig. 24

were obtaimd (Re6, 24, 25), The crou eectiom obtained at a 40° scattering angle are

shown in Table I along with s t-w-amplitude (AB) analyoia follcwing Auerbach, Gibbo,

and Pi~tzky. ‘e] First let us look at jwt the experimental numkm. Although 44Ca hes

six timas more neutron paira for the DCX co take place on, the meaaured croea section

is neuly a factor of two smaller than that of 43Ca, Aleo, although 4sCa haa 28 times

more pairs than 4sCa, it u only slightly

dramatic u hmpponing naar 50 MeV,

I

Fig. 13. Spoctrs for 13CX cm “Ca
at 50 MoV whero WQwere unable to

larger than 4~Ca. Cle&-ly something unique
r

* I I I

0

4

4

4

and

okarm tha DIAS trmmtlon. Fig. 24. Spectra for DCX on cmlkl\Jm

Iaotopea ●t 35 MeV and 40° (FM 25)



Table Ii

Phanoxndogicd AB amdyda of the 3S NfaV, 40° Ca leotope data *o)

—
Target AB Modol du/d$l(351VeV,40°) (pb/m)

4aca 1A+ B[a 2.0+ .5

44~-a 1A+ ~Blz 1.1*.15

4rJca IA- }B1’ 2.4 * .6

IAI=.34*.OS, IL?!= 1.20*.14, #=59*12, 1~[= 3.5+.5

Bumma of tho aholl-rndal configuration of the valence neutrone for each ieotope, M

ehown in Rd. 27, tr-tiona through non-amlog mtata (B amplitude) are Waightdd by

dihent factom rahtive to transitions through

wm.iority mcdol tho crou eution goa u,

the mdog K)Ut4 (A unplitudo) , h the

(!)

whore n u the rmrnbar ef valance ncutrow, j is tho orbital ugular momentum (7/2 for the

/T/2-shell), and A ead B are compl.x. amplituda repreamting transitions throllgh snalog

md non-analog intermedisto ot~ta, r~pcctivaly. Tho factor n(n - 1)/2 is the pair factor,

l.c., the number of va.leuca neutron pair a,The uniquo faature of low-energy ie that A. the

anelog rout., is eupprd new 50 MoV due COtho O, pwave cancellation in SCX. Thus M

shown in eom. theoretical cmlculmtioneof Auerbach, Gibbe, Ginocchio, uad Kaufmann”)

(Fig. 25) th. rstio [B[/1 Al boecmea very lu~~ cmsin~ the shell-modol varistion between

imtopa to produce hum diHorwtca in the cr~ eactions. & Tablo I phenomologic~ vduea

for IAI, ]BI and ho ralatim ph~ ue ●xtruted by fittin~ to th. threa data pointe and do

give s l~g. [B1/lAl valuo of S.6 + ,5, 1 will show balow how thie phonomological picture

hoide up for nmre than thru data pointa (whore it k predictiv~ power) dtur I hav~

introduced the nswat datm So, in oummuy, mince B is large compared to A the qumntlty

“Co and ‘“Cd is no rnmAl (with th~insida t,he vertical bare u Iarga for 4’c’0, but for

1/9 + - 1~7 fwtom) that ●ven with the larger pair f~tore the rewltlng cro~ sertl(jns mrr

similar to thoee for 4’CG.
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Fig. 25. Calculation of fif. 27 ahowinG
tk ebu’p pukbg of !B1/lAl nou 50 MoV
as dacrib-i in tha text.

Lab Angle (degrees)
Fig. 26. Prolimiauy forwud-aaglo dk
~r..utiona from our LAMPF ●xperimont
#1045 for DIM tr-itiou on ~verd j7/t.
sh.11 nuclei at 35 MoV (Rati. 24, 25, 28).

—

F\g, aT. From Bleesynski, B1-synski, ●nd ~l~ubar (R@f ~~) ●) The nepurat~on

densiti- for “CO, “co, ‘eta, ~d ‘-CO (Mlid lin”) The dotted curve io the oepw

ration density with the correlation function ~lN _s -t wual to sero. Tho dashed curve
corraponde to s confl~urstion-mlxd reprmntatlon of 4’Ca. b) CompuiOOn hetwn

the theoretically predicted differentml croee eections and the experimantd dat- for the
rc~tlonn U+ AC’U(O+) .+ # ‘Ti(O +), for A 42, 44, and 4!I, at lb MeV



OU n-r (pm~~) data for a num~r o{ /7/2 nuc]el With $point angular

distributiorua’~ aslas k abown in Fig. 26. of particular note u the difference in ~gul~

distribution shapaa between T = 1 (stmper) and 7’ z 2 (flatter) nuclei croaa eections.

Thaa feat- have been explained by Bleasymki, B1~synski, and G1auber (BBC) .29)

Some B% -ulta am shown in Fig. 27. The N-N wparation involved b strongly peaked

at rnrnallar range for 4aCa which !m the large contribution from cne “B” term Thus

the B term u etrongly aenaitive to the shortw-range correlation and thus is of particular

interest. Also important to note is that s small amount configuration mixing from the

P81a-shell hatantidly incroaaa the forwud-angle croea =tion. Clearly configuration

mixing u m importuit ingrd.ient of the full picture. The resuk shown here were ~00

shown in s mnt Physics Today article. ‘) Them ia good ●greement with the data and

tho more atoeply falling crm section for 4’Ca (T=l) is also evident.

VI. ENERGY DEPENDENCE OF DUS AND G.S. TRANSITIONS FOR \7ja-SUELL

NUCLEI

Our mat recant data (July 1988) ad- the energy dependence of both DIAS

and g.w transitions on tho /’/’ -ehell nuclei. Tho new Clamshell forward-angla system

(d~ribad ●bovo), which w. dcvelopad along with MP- 10, wu uA. Some of the spectra

obtunod am -hewn in Fig. 28 Sore. of th- data uw prelirnhry as they are from on-line

adymia. They are mmmmrised in Fig. 20 which show- the energy dependence including

othm dnta ●bovo 70 MoV from Kaletka”1 for Perapdive, Bo~h DLAS and g.-. crom

mtiom hava hug. ri.aa ●t enorgiu below 70 MeV. For “CO ● dramatic and rather eharp

peak ●t 50 MoV u evident. ~rther data will be taken in 1989 to bettar define these

f.atuma. At this tima it u difllcult to say what rnechanisma caw such dramatic features

but on. cm gu~ that minca tho f.atura of th. DLM and g,-. tranaitiona are similar a

commcm aourco may b responsible. Ah, sinco the Q-valu- involved, drown in Table 11,

vary dramatically thiscould account for th. ●ppa.wnt energy -thifta beween the peaking

for mm. of thu diHorent transitions.

With this Iargor body of data, we can now tako ● I-I~ie aerio~m look ●t the phenomm

logical AB modol. Note that the ground ststo transitions ue alao part of the AB picture

and in fact havo croaa aectioru which go u IBI‘, Some of the nuclei (those with both

valonc~ n.utrons and protons) do noc follow the zimple ~niority shell-model picture of
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Fig, 28. Spectra from our LAMPF
Exp. 1098 for 65 MoV DCX on
celcium isotopa.

!P

Omamm Wmwm
T- ~

Fig. 29. Preliminary data on the energy-
dependence of DL4S and g.s. trmiuitione
on calcium ieotops from our moot r-ant
run (Exp. 1098). The data ●t 80 and 130
MeV are from Kaletka et d. (Ref. 31)

Raf. 26 und muet b~ treated within a more realistic \’/y model aa shown by Auerbach,

Gibbs, Gimcchio, and Kaufmann (AGGK).27)

In this modoi tho croa -tion for DLAS tru.eitione u given by ~ expreeeion oimllar

to that of Eq. (1), which for tho /’J’-ohell and T = n/2 is

~(n - I) IA(e) +Xs(ql’ ~K!!”fl(e) = ~

where X = (5 - n)/~3(n - 1)] with n being the number of valence

tra.nmition the analogous ekpreuion i-,

h+(e) = ‘>--’JIYW)I’ ,

where Y = 4/[9(n – l)]fl~--i]

(2)

nuckms. For the g.s.

(3)



Table II.

Qvaluee for varioua DCX reactiona

Target Q,... (Mev) QDIAS(~ev) qqhfcv)”

48T~ -13.64 -13,64 0.

8CT1 -0,6 -13.22 13.06

Cocr -13.44 -14.83 1.39

64Fa -15.93 -15.W o.
4aca -12.40 -12.40 0.
44ca -2.!20 -12.33 9.44

4aca 5.20 -11.84 17.13
—

The resultingcmaution exprauimu are shown in Table III. For the purpcwea of the

phonomological analyti here, I will work with tho seniority model but apply corrections

to tha nuclei bad upon the ratio between eeniority and the full shell-model reeults of

the raution-nmdol calculations in Ref. 27.

Tabl~ III.

Sordority Mod.1 Crtw Sectiom from AGGK (Ref. 21)

&/dfl

4@ca,80 Ti 15[A - .07B[’ 1,94B3

48(=a 281A - .l.4HI’ 1.30B’

4.Ti,Bo ~=r 1A+ 1.47 B\’ -—

48Tl,~8 Cr 61A+ !17BI* 2.3B=
-.—. — -. _—. —

(Not,: 44Ca(g.s. )/4-Ca(~, s,) = 1,16)

Tho rem.dta of this phenomological approttch are ~hown in Table IV, For 35 MeV I

have fitthe 4’144140Co DIM crou sections while for 65 Mev 1 havs fit the “14’Ca II144S



uad the 4*Ca g .s. c- ~tiom. For th~ nuclei where appropriate, the full shell model

rault u given tit with the mi.mpler pure ~niority rault in parentb~in below.

Table IV.

9dorIty Model Fits (Prellmlnary Data)*

——

35 Mev 25 deg 40 deg 70 deg

datb ABt data ABt data ABt

DLAS

DLAS

DLAS

DLAS

DI.AS

DIAS

g.k

g.,.

g.-,

4~~&

44c&

6oTi

48(=6

4eTi

64 Fe

44C6

~oTi

‘Oca

2.3k.5

1.1*.3

1.6*.4

2.7k,9

2.5*.6

1.1*.3

—

—

1.6*.4

2.22

1.12

1.53

2.70
Z.Z4

(4, s7)

2.22
14a

(2.76)
1.20

(8.11)
,91

(2.s0)

1.9*.3

1,1*.3

1,4*.3

2.4*.7

2.1*040

.7+.2

1.87

.00

1.32

2.30
1,40

(s,8s)

1,87

1.1s
(2,24)

(R)

.70
(1,98)

.4*.1

.16+,04

.7*.2

2.2*.5

.5*.1

<.07

—.

—

—

.38

,17

.82

2.06

( ::)

.38

05 MQV 15 dog

dat~ ABt

DIA.!! 4ZC6 1.e*o.3 1.39

DIM 44cb <,6 0.73

DIAS 48C6 0.34*0.11 0,35

g,s. 44(-6 0.8+0!2 (IY7)

g.s. 4ac& <.3 (14:s) .— ———

● For the 35 MeV 4s14414’Cathe DIAS crose eecticm ~e fit; at 64 MeV the 4a14sCa DIAS
Md the 44C~ 8.s. crom actioue are fit.

t The AB numbam in pmronthd.e ue the pure seniority reeulte and th~ not In parenthesis

ue extendecheniority ~ults obtained by ecaling -cording to the 35 MeV/40 degree ratios

of tha AGGK paper’7), (Thin Me ueed even ●t 615 MeV.)

For 35 MeV ●t all thrm anglti the ●greement io excellent with ~he exception of

‘4 Fe, However, since this model negkto nuclru mizadifferoncee mtd 9’ Fe is eubscantidly

larger than the other nuclei, this may be ouch an effect, The angular dlstrlbucion for



‘4 Fe Fig 28) u A much hrper. For 65 MeV, wb-- we only have data at 15°,(. the

~nt U * quite good excapt for the 4’Ca go. truaition data which in anomalously

small. Since tho ~valuu for the 4’Ca and 44Ca g,s. transition Mer by about 7 MeV it

u pouible that at the alge uf a rather eharp feature this d.iHergnccJmay cmae a shift that

crsatu ouch a ratio. Tha arnall 4Ca g.a. crcm aacticm appeura h be the anomalou.a ma

mincean ●ttainpt to include itin tho fit rather than the 44Ca g.a. makm tbti 4aCa DLAS

prediction much worm.

In summary the phenomologicd AB model ●ppeua to ~Ya an mcd!ent description

of the data with ● few exceptions which may have simple expl~atious. With the nuccem

of tho AB approd - can now begin to kolata the B otrength w.%chwe sciate with

shorter-range correlations or perhapa with more exotic DCX mahanisrrm

VI. SUMMARY AND CONCLUS1ONS

W. now bel.iove that 1~-energy pion DCX is ● signi.kant new tool for studying

nucbn-nucbn correl~ions in nuclei. The large c- mcticmm,the isotopic ratim, and

tho difhmnt Mgulu diatributioma for DCX on /r) ’-aholl nuclei ara u.ndarmtoodin terms of

● -amplitude model which aapamta long mndabort-range correlation ektm The ahell-

modol correlation of tho nuc.km bold u antial to explain thaw faatura of the data.

The now- data on tho cnorgy depondancc of both DLAS and g.~. tranaitiom cm ti:iIl be

undemtood in terrm of a phenomological kamplitudo pictu.ro. W. hope th-t the reaturua

of the data, ~puially the &amatic peaking near 50 MeV wdl co~train the theoretd

models enough to determine whether additional cwrelatiom or new mochaniama mum be

involved.

I wish to thaak the mambem of our coUaboration, eapacially H. Barn. E. Piaaet-

zky, and Z. Weinfald, and & N. Auerbach, M. Bl~ynski, W, G;bbs, J. Gicocchio, R.

Glauber, W. Kmfman.n, and E. Siciliano for many useful discuaaions.
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